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Photo  15.  Typical  wave  patterns  approaching  Buhne  Point  for  11-sec 
10-ft  waves  from  northwest  for  maximum  flood;  +3.2  ft  swl 


Photo  16.  Typical  wave  patterns  approaching  Buhne  Point  for  15-sec 
17-ft  waves  from  northwest  for  maximum  flood;  +3.2  ft  swl 


Photo  18.  Typical  wave  patterns  approaching  Buhne  Point  for  11-sec 
10-ft  waves  from  northwest  for  maximum  ebb;  +3.7  ft  swl 


Photo  22.  Typical  wave  patterns  approaching  Buhne  Point  for  15-sec 
9-ft  waves  from  northwest;  +6.7  ft  swl 


Photo  24.  Typical  wave  patterns  approaching  Buhne  Point  for  11-sec 
10-ft  waves  from  northwest;  +9.5  ft  swl 


Photo  37.  Typical  wave  patterns  approaching  Buhne  Point  for  15-sec 
11-ft  waves  from  west;  +6.7  ft  swl 


Photo  36.  Typical  wave  patterns  approaching  Buhne  Point  for  11-sec 
10-ft  waves  from  west;  +6.7  ft  swl 


Photo  31.  Typical  wave  patterns  approaching  Buhne  Point  for  15-sec 
11-ft  waves  from  west  for  maximum  flood;  +3.2  ft  swl 
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Photo  6r).  Typical  wave  patterns,  (in  rent  patterns,  anti 


tterns,  current  pa 
g  conditions;  9-sc 


existing  conditions;  17-sec,  8-ft  waves  from  northwest;  +6.7  ft  swl 


Photo  59.  Typical  wave  patterns,  current  patterns,  and  current  magnitudes  (prototype  feet  per  second) 
for  existing  conditions;  15-sec,  9-ft  waves  from  northwest;  +6.7  It  swl 


thwest;  +6.7  ft  swl 
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Photo  54.  Typical  wave  patterns,  current  patterns,  and  current  magnitudes  (prototype  feet  per  second) 
for  existing  conditions;  15-sec,  9-ft  waves  from  northwest  for  maximum  ebb;  +3.7  ft  swl 


General  movement  of  tracer  material  and  deposits  resulting  from  11-sec,  10-ft  waves  for 

simulated  1983  conditions;  +6.7  ft  swl 


Photo  69.  Placement  of  tracer  material  representing  the  1966  spit  formation  at  Buhne  Point 


Photo  70.  Initial  movement  of  simulated  1966  spit  into  navigation  channel  by  11-sec 

10-ft  waves  with  a  +6.7  ft  swl 


simulated  1966  spit  formation  after  attack  by  13-se 


co  3  a 


10-ft  test  waves;  +6. 


Photo  83.  View  of  Plan  2  prior  to  model  testing;  +6.7  ft  swl 


Photo  82.  Shoreline  configuration  after  testing  of  Plan  1  with  test  waves  for 

the  +6.7  and  +3.2  ft  swl's 


Photo  96.  View  of  Plan  3C  prior  to  model  testing;  +9.5  ft  swl 


Photo  97.  Shoreline  configuration  for  Plan  3C  after  initi 
11-sec,  10-ft  test  waves;  +9.5  ft  swl 


configuration  for  Plan  3D  after  initial  testing  with 
sec,  10-ft  test  waves:  +9.5  ft  swl 
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VINDICATES  NO  CURRENT  MOVE  MEN! 


Typ i ca 


rrent  patterns,  and  current  magnitudes  (prototype 
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Photo  118. 


Photo  120.  View  of  offshore  breakwater  of  Plan  4B  prior  to 


i  mi  mi  M>  t  i  ■  ivi  I  *  I  <'w 


Photo  130.  Shoreline  figuration  for  Plan  4B  after  tes 


28.  Shoreline  configuration  in  lee  of  breakwate 
testing  with  all  test  waves  for  the  +9.5 


»\iV**s  tor  the  i ') .  S  t  ».  sw 


Photo  126.  View  of  PI  iri  prior  to  iw«1t* 


hore  breakwater  of  Plan  AF  prior  to  mode]  testing;  +9.5  ft  sw 


ore  breakwater  of  Plan  4E  prior  to  model  tes 


Photo  122.  View  of  offshore  breakwater  of  Plan  4C  prior  to  model  testing;  +9. 


Photo  136.  Shoreline  configuration 


Photo  137.  Shoreline  configuration 
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PLATE  3 


HUfflOLDT  1AV  MU  CURRENT  DATA  (4/1/82  -  4/3/82) 


3wJou  ccoiHh 3Py  Law 


PLATE  4 


PLATE  5 


WEATHER  SERVICE  STATION.  EUREKA  (All _  _  SUHHE  POINT  PG1E  POWER  STATION  (A3 ) 


PLATE  6 


HlRItOLDT  BAV  WIND  DATA.  FILTER  •  4  HRS»  <4/1/88  -  4/3/88> 


yOODLEV-CUNTHER  CH MMNEL 
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PLATE  16 


HUMOIDT  MV  FLOW  PATTERNS  AT  AAXINUn  EH 


HUMBOLDT  1AV  (4/1/82)1  UlFfl  (SOLID)  US  OBSERVED  CURRENTS  (DASH) 


HUHIOLDT  BAY  (4/1/82):  UIFH  (SOLID)  US  OBSERUED  CURRENTS  (DASH) 


1 


HuntOlDT  »AV  (4/1/8211  UXFfl  (SOLID)  US  OISERUED  CURRENTS  (DASH) 


LANRINC  (Tfi  AND  NOS  P41-I723I 
LANPINC  (Tt) 


PLATE  12 


TINS,  HOURS 

MUNpoLtr  pay  c 4/i4M)i  mm  (solid  vs  csmtitucnt  rises  <msm> 


(Cl)  1JMMWO  WOU«S 
A««8Mno<  «I«9  Miaow 


PLATE  11 


Mv  14/1/mm  mm  im»)  vt  mmtitmht  tiks  <m«n> 


PLATE  10 


NORTH  CHANNEL  -  lUCKSPORT  <C6> _  _  NORTH  SPIT  CONST  GUARD  STATION  (C7> 


HUHtOLDT  BAY  CURRENT  DATA.  FILTER  >  4  MK  (A/1/82  -  4/3/82) 


Plate  23.  Wave  fronts  for  test  waves  approaching  Buhne  Point  from 

north;  0.0-ft  swl 


Plate  24.  Wave  fronts  for  test  waves  approaching  Buhne  Poi 
north  for  maximum  flood;  +3.2  ft  swl 


Plate  28.  Wave  fronts  for  test  waves  approaching  Buhne  Point  from 

northwest;  0.0-ft  swl 


Wave  fronts  for  test  waves  approaching  Buhne  Point  from 
northwest  for  maximum  ebb;  +3.7  ft  swl 


Plate  31.  Wave  fronts  for  test  waves  approaching  Buhne  Point  from 

northwest;  +6.7  ft  swl 


■vBUHNP 


Plate  33.  Wave  fronts  for  test  waves  approaching  Buhne  Point  from 

west;  0.0-ft  swl 


Plate  34.  Wave  fronts  for  test  waves  approaching  Buhne  Point  from 
west  for  maximum  flood;  +3.2  ft  swl 


NOTE  CONTOURS  AND  ELEVATIONS  SHOWN 
'N  EEET  REFERRED  TO  MEAN  LOWER 
LOW  WATER  (  MLLW  ) 


PLATE  48 


ELEMENTS  OF  PLANS  4B"4D 

SCALES 

PROTOTYPE  500  0  500  1000 FT 

MODEL  10  0  10  20  FT 
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PLATE  47 


PLATE  46 


PLATE  44 


PLATE  42 
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N. 


LEGEND 

. SWL  0  0  FT 

-  -SWL +3 2  FT 

- SWL  +3.7  FT 

- SWL  +6.7  FT 

- SWL  +9.5  FT 


Plate  40.  Averages  of  wave  fronts  approaching  Buhne  Point  from 

west  for  various  swl ' s 
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. SWL  0.0  FT 

- SWL  +3.2FT 

- SWL  +  3.7FT 

- SWL  +6.7  FT 

- SWL  +9.5  FT 


Plate  38.  Averages  of  wave  fronts  approaching  Buhne  Point  from 

north  for  various  swl ' s 


fronts  for  test  waves  approaching  Buhne  Point  from 
west;  +6.7  ft  swl 


PLATE  51 


FLOOD- DRY  flODCL  (SOLID)  US  NONFLOODINC  RODEL  <D*SH) 


HRAX*46 


Humboldt  Bay,  CA  :  Time  9.0  Hours 


Plate  54.  Bottom  stress  contours  (dyne/cm  )  within  Humboldt  Bay  at  ebb  tide 

existing  conditions 


Humboldt  Bay,  CA  :  Time  16.0  Hours 


Contour  Interval  of  20. 

2 

Plate  55.  Bottom  stress  contours  (dyne/cm  )  within  Humboldt  Bay  at  flood  tide: 


(  Dyna/aa/oa  ) 


(  096/90  )  09906  AH  (  90/90/90*0  ) 
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Plate  59.  CELC3D  computations  of  surface  elevation,  tidal 
currents,  and  bottom  stresses  at  sta  11  (near  Buhne  Point), 

1-3  April  1982 


( wo/m/miiQ ) 


ISO 


Surtaea  Elavation  at  l  34.40  ) 


Plate  60.  CELC3D  computations  of  surface  elevation,  tidal 
currents,  and  bottom  stresses  at  sta  13  (Fields  Landing 
Channel),  1-3  April  1982 
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Plate  61.  CEI.C3D  computations  of  surface  elevation,  tidal 
currents,  and  bottom  stresses  at  sta  16  (Humboldt  Bay 
Entrance),  1-3  April  1982 
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Plate  65.  Tidally  induced  residual  currents  within 
Humboldt  Bay,  1-3  April  1982,  existing  conditions 


Plate  66.  Tidally  induced  residual  currents  within 
Humboldt  Bay,  1-3  April  1982,  proposed  improvement 

plan 


tau  (dyne/cnS)  u  (cm/s bo) 


tau  fdyne/cas)  u  (cn/sec) 
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Station  04  (Depth  =  4.11  m) 


fa)  Have-Induced  Orbital  Velocity 


(b)  Have-Induced  Bottom  Stress 


Platt*  68.  Wave- i nduced  hottom  orbital  velocity  and  bottom 
stress  at  st.i  A;  11-set ,  10-ft  waves  from  the  northwest; 
maximum  flood;  +  i . 2  ft  swl;  cnoidal  wave  theory  (solid 
lines)  and  linear  wave  theory  (dashed  lines) 


tau  (dyne/cits)  u  (cn/sec) 


Station  11  (Depth  =  2.65  m) 


(a)  Have-Indur.ed  Orbital  Velocity 


(b)  Have-Induced  Bottom  Stress 


Plato  69.  Wave-induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  11;  11-sec,  10-ft  waves  from  the  northwest; 
maximum  flood;  +3.2  ft  swl;  cnoidal  wave  theory  (solid 
lines)  and  linear  wave  theory  (dashed  lines) 


tau  (dyne/ca2)  u  fca/seo) 


Station  i2  (Depth  =  2.  IB  m) 

(a)  Have-Induced  Orbital  Velocity 
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(b)  Have-Induced  Bottom  Stress 
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Plate  70.  Wave- induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  12;  11-sec,  10-ft  waves  from  the  northwest; 
maximum  flood;  +3.2  ft  swl ;  cnoidal  wave  theory  (solid 
lines)  and  linear  wave  theory  (dashed  lines) 


(Zvo/eutp)  ns; 


Station  13  (Depth  =  6.38  m) 

(e)  Hove-Induced  Orbital  Velocity 


(b)  Have-Induced  Bottom  Stress 


Plate  71.  Wave-induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  13;  11-sec,  10-ft  waves  from  the  northwest; 
maximum  flood;  +3.2  ft  swl;  cnoidal  wave  theory  (solid 
lines)  and  linear  wave  theory  (dashed  lines) 


tau  (dyne/cnS)  u  (cti/seo) 


Station  15  (Depth  =  11.13  m) 

(a)  Have-Induced  Orbital  Velocity 


(b)  Have-Induced  Bottom  Stress 


Plate  72.  Wave-induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  15;  li-sec,  10-ft  waves  from  the  northwest; 
maximum  flood;  +3.2  ft  swl ;  cnoidal  wave  theory  (solid 
lines)  and  linear  wave  theory  (dashed  lines) 


tau  (dyna/c*2)  u  (ca/sec) 


Station  04  (Depth  =  4.11  m) 


(a)  Wave-Induced  Orbital  Velocity 


(b)  Wave-Induced  Bottom  Stress 


theta  ( degrees i 

Plate  74.  Wave-induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  4;  11-sec,  10-ft  waves  from  the  northwest; 
maximum  ebb;  +3.7  ft  swl ;  cnoidal  wave  theory  (solid  lines) 
and  linear  wave  theory  (dashed  lines) 


tau  (dyne/cn2) 


Station  11  (Depth  =  2. 65  m) 


(b)  Have-Induced  Bottom  Stress 


Pl.it'  7  r> .  Wave- induced  butt  mil  orbital  velocity  ami  bottom 
stress  at  t  a  11;  11-Mv  ,  1 0  -  f  t  waves  from  the  northwest: 

maximum  ebb;  +1.7  M  sv  1  ;  inoiii.il  wave  theory  (solid  lines) 
and  linear  wave  theory  (dashed  lines; 


PLATE  A7 


Table  A 1 

Summary  of  Refrac t 1  on  and _S hoali ng^  Analysis  for  Humboldt  Bay 


Deepwater 

Wave 

Sha 1 low-Water 

Wave-Height 

Di rect ion , 

Period 

Di rect ion , 

Ref  ract i on* 

Shoal i ng** 

Adjustment 

Azimuth,  deg 

sec 

Azimuth j  deg 

Coef  f icient 

Coefficient 

Factor 

North  (360) 

5 

359 

1 .00 

1 .00 

1  .00 

7 

353 

0.99 

0.99 

0.98 

9 

351 

0.87 

0.94 

0.82 

1 1 

346 

0.85 

0.92 

0.78 

13 

344 

0.83 

0.92 

0.76 

15 

341 

0.86 

0.93 

0.80 

17 

340 

0.84 

0.96 

0.81 

19 

335 

0.85 

0.99 

0.84 

Northwest  (315) 

5 

315 

1 .02 

1.00 

1 .02 

7 

311 

1.01 

0.99 

1.00 

9 

308 

1 .02 

0.94 

0.96 

1 1 

307 

1.04 

0.92 

0.96 

13 

307 

1.02 

0.92 

0.94 

15 

307 

1.05 

0.93 

0.98 

17 

305 

1.02 

0.96 

0.98 

19 

302 

1.02 

0.99 

1.01 

West  (270) 

5 

2  70 

1.00 

1.00 

1.00 

7 

271 

1.00 

0.99 

0.99 

9 

274 

0.98 

0.94 

0.92 

11 

277 

0.88 

0.92 

0.81 

13 

280 

0.81 

0.92 

0.75 

15 

280 

0.88 

0.93 

0.82 

17 

280 

0.98 

0.96 

0.94 

19 

282 

0.96 

0.99 

0.95 

Southwest  (225) 

5 

226 

0.99 

1.00 

0.99 

7 

238 

0.93 

0.99 

0.92 

9 

248 

0.83 

0.94 

0.78 

11 

255 

0.82 

0.92 

0.75 

13 

261 

0.85 

0.92 

0.78 

15 

265 

1.01 

0.93 

0.94 

17 

267 

0.93 

0.96 

0.89 

19 

271 

0.75 

0.99 

0.74 

*  At  approximate  location  of  wave  generator  in  model. 

**  At  !27-ft  depth  (110-ft  pit  elevation  with  7-ft  tide  conditions 
superimposed) . 


rectangular  depth  grid  24.8  miles  by  12.6  miles  which  paralleled  the  shoreline 
in  the  vicinity  of  the  project  area.  Limits  of  the  depth  grid  used  are  shown 
in  Plate  A1 .  The  grid  spacing  was  600  ft  and  depths  were  taken  from  the  latest 
hydrographic  survey  charts.  Storm  conditions  were  represented  by  superimposing 
a  water  level  of  7.0  ft  on  the  depth  grid. 

4.  Wave  orthogonals  were  produced  for  5-,  7-,  9-,  1 1  - ,  13-,  15—,  1 7  - , 
and  19-sec  waves  from  north,  northwest,  west,  and  southwest.  The  plots  ob¬ 
tained  are  shown  in  Plates  A2-A33. 

5.  Refraction  coefficients  and  shal low-water  orthogonal  directions  ob¬ 
tained  for  the  various  wave  periods  from  the  four  deepwater  wave  directions 
are  presented  in  Table  A1 .  These  values  represent  an  average  of  the  orthog¬ 
onals  in  the  immediate  vicinity  of  the  harbor  site  (approximately  the  location 
of  the  wave  generator  in  the  model).  Shoaling  coefficients  of  1.00,  0.99, 

0.94,  0.92,  0.92,  0.93,  0.96,  and  0.99  for  5-,  7-,  9-,  1 1- ,  1 3- ,  15-,  17-,  and 
19-sec  wave  periods,  respectively,  were  computed  for  a  117-ft  water  depth  cor¬ 
responding  to  the  simulated  depth  at  the  model  wave  generator.  The  wave-height 
adjustment  factor  is  obtained  by  multiplying  times  Kg  and  can  be  applied 

to  any  deepwater  wave  height  to  obtain  the  corresponding  shallow-water  value. 

6.  Based  on  the  refracted  directions  secured  at  the  model  contours  for 
each  wave  period,  four  wave  generator  positions  were  available  for  model  test¬ 
ing  representing  the  various  deepwater  directions.  The  following  tabulation 
shows  the  deepwater  directions  and  the  corresponding  shallow-water  test 
directions . 


Deepwate  r 
Di rection , 
Azimuth,  deg 


Corresponding 
Shallow-Water 
Test  Direction, 
Azimuth,  deg 


North,  360  346 
Northwest,  315  308 
West,  270  277 
Southwest,  225  254 


The  shallow-water  wave  directions  were  taken  to  be  the  average  directions  of 
the  refracted  waves  for  the  significant  wave  periods  noted  from  each  deepwater 
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APPENDIX  A:  WAVE  REFRACTION  ANALYSIS  FOR  HUMBOLDT  BAY 

1.  Prior  to  the  hydraulic  model  investigation  of  Humboldt  Bay,  a  wave 
refraction  analysis  was  conducted  at  the  US  Army  Engineer  Waterways  Experiment 
Station  (WES)  to  determine  the  shallow-water  wave  height  and  the  refracted 
wave  direction  at  the  model  wave  generator  pit  for  representative  wave  periods 
from  the  critical  directions  of  deepwater  wave  approach.  This  analysis  was 
conducted  using  a  linear  wave  refraction  theory  originally  developed  at  Stan¬ 
ford  University  by  Dobson  (1967)*  and  modified  by  WES  in  1971.  All  computa¬ 
tions  and  plotting  were  done  using  an  Electronic  Associates,  Inc.  (EAI)  Pacer 
100  minicomputer  and  Versatec  electrostatic  plotter  at  WES. 

2.  In  this  analysis,  the  effects  of  both  reflection  and  diffraction 
are  neglected.  These  assumptions  are  valid  except  in  convergence  areas  where 
caustics  occur  and  linear  theory  does  not  apply.  Therefore  the  major  assump¬ 
tion  in  determining  the  wave  height  at  any  point  on  a  wave  orthogonal,  within 
the  limits  of  the  linear  theory,  is  that  no  energy  is  transmitted  perpendicula 
to  the  orthogonal  along  the  wave  crest,  in  which  case  the  height  at  any  given 
point  is  given  by 


H  =  H  K  K 
o  s  r 


where 

H^  =  wave  height  in  deep  water 

Kg  =  shoaling  coefficient 

K  =  refraction  coefficient 
r 

This  assumption  has  been  shown  to  be  reasonable  for  mild  slopes  which  induce 
only  gradual  bending  of  the  orthogonals.  For  areas  of  extreme  refraction, 
failure  to  consider  the  flow  of  energy  along  the  wave  crests  can  lead  to  sig¬ 
nificant  errors  in  the  computed  wave  height.  Since  previous  research  at  WES 
by  Whalin  (1971,  1972)  has  shown  that  wave  energy  will  tend  to  flow  along  the 
wave  crests  in  areas  of  energy  concentration,  a  maximum  refraction  coefficient 
of  1.4  and  a  minimum  refraction  coefficient  of  0.45  were  selected  as  being 
reasonable  values. 


3.  Refraction  diagrams  for  Humboldt  Bay  were  produced  from  a 
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Station  15  (Depth  =  11.13  m) 


(a)  Hava-Induced  Orbital  Velocity 


(b)  Have-Induced  Bottom  stress 


Plate  78.  Wave-induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  15;  11-sec,  10-ft  waves  from  the  northwest; 
maximum  ebb;  +3.7  ft  swl ;  cnoidal  wave  theory  (solid  lines) 
and  linear  wave  theory  (dashed  lines) 
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Station  13  (Depth  =  B.3B  m) 


la)  Have-Induced  Orbital  Velocity 


l b )  Have-Induced  Bottom  Stress 


Plate  77.  Wave-induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  13;  11-sec,  10-ft  waves  from  the  northwest; 

maximum  ebb;  +3.7  ft  swl ;  cnoida 1  wave  theory  (solid  lines) 
and  linear  wave  theory  (dashed  lines) 
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Station  12  (Depth  =  2.16  m) 


(a)  Have-Induced  Orbital  Velocity 


theta  (degrees) 
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Plate  76.  Wave- induced  bottom  orbital  velocity  and  bottom 
stress  at  sta  12;  11-sec,  10-ft  waves  from  the  northwest; 
maximum  ebb;  +3.7  ft  swl ;  cnoidal  wave  theory  (solid  lines) 
and  linear  wave  theory  (dashed  lines) 
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PLATE  A18 


PLATE  A19 
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APPENDIX  B:  NOTATION 


Area 

Shal low-water  orthogonal  spacing 
Deepwater  orthogonal  spacing 

Refraction  coefficient, 

Median  particle  diameter 
Shallow-water  wave  height 
Deepwater  wave  height 
Significant  wave  height 
Refraction  coefficient 
Shoaling  coefficient 
Length 
Discharge 
Time 

Velocity 

Volume 

Specific  weight 

Apparent  specific  weight 

Ratio  of  median  particle  diameter 

Ratio  of  apparent  specific  weights 

Horizontal  scale 

Vertical  scale 
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